(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date (10) International Publication Number 

25 May 2001 (25,05.2001) PCT WO 01/36185 Al 




(51) International Patent Classification 7 : B29D 30/16, 

30/62 

(21) International Application Number: PCT/IT99/00376 

(22) International Filing Date: 

19 November 1999 (19.11.1999) 

(25) Filing Language: Italian 

(26) Publication Language: English 

(71) Applicant (for all designated States except US): PIRELLI 
PNEUMATICI SJVA. [IT/IT]; Viale Sarca, 222, 1-20126 
Milano (IT). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CARETTA, Re- 
nato m/n j; Viale dei Ugli, 16, 1-21013 Gallarate (IT). 
CANTU*, Marco pT/TT]; Via Fornace, 9, 1-20040 Caraate 
(TT). MARCHINI, Maurizio [XT/IT]; Via Magenta, 34, 



1-20038 Seregno (IT). DE GESE, Ignazio [IT/IT]; Via 
Carlo Marx, 606, 1-20099 Sesto San Giovanni (IT). 

(74) Agent: SALVADOR!, Martino; Bugnion S.p.A., Viale 
Lancetti, 17, 1-20158 Milano (IT). 

(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, 
DM, EE, ES, H, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS,JP,KE,KG,KP.KR,KZ,LC,LK,LR,LS,LT,LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 
UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, SD. SL, SZ, TZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 

[Continued on next page] 



(54) Title: A METHOD FOR MANUFACTURING ELASTOMERIC MATERIAL COMPONENTS OF A TYRE FOR VEHICLE 
WHEELS 




(57) Abstract: A robot arm (22) having seven axes of actuation (A, B, C, 
D, E, F, X) imparts to a toroidal support (1 8) a circumferential distribution 
motion about its own geometric axis (X) simultaneously with controlled 
transverse distribution displacements in front of a dispensing organ (19) 
of a strip (20) of elastomeric material. The strip (20) thus forms a plurality 
of turns (20a), the orientation and mutual superposition whereof are con- 
trolled in such a way as to control the thickness variations to be conferred 
to a component (9, 12-17) of a tyre (3) being manufactured, based on a 
predetermined laying scheme pre- set on an electronic computer. The ro- 
tation of the toroidal support (18) is controlled in such a way as to obtain 
a peripheral speed of application exceeding the theoretical feeding rate of 
the strip (20), able to be increased or decreased as needed to form turns 
(20a) with reduced or, respectively, enlarged cross section. 



WO 01/36185 Al IIMIIIlllllllllinillllUHIWllli 



Published: 

— With international search report. 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 01/36185 



PCT/IT99/00376 



A Method for Manufacturing Elastomeric Material Components of a Tyre for Vehicle 
Wheels 

The present invention relates to a method for manufacturing elastomeric material 
components of a tyre for vehicle wheels, comprising the following phases: feeding a 
continuous elongated element from a dispensing organ positioned adjacently to a toroidal 
support to apply said elongated element onto the toroidal support itself; conferring to the 
toroidal support a rotatory circumferential distribution motion about its own geometric axis 
of rotation, so that the elongated element is circumferentially distributed on the toroidal 
support; effect controlled relative transverse distribution displacements between the 
toroidal support and the dispensing organ to form with said elongated element a component 
of a tyre defined by a plurality of turns positioned mutually approached and/or 
superimposed according to a pre-determined cross section profile to be conferred to said 
component 

The manufacture of tyres for vehicle wheels provides for the formation of a carcass 
structure essentially comprising one or more carcass plies shaped according to a 
substantially toroidal conformation and presenting their axially opposite lateral edges 
engaged to respective circumferentially inextensible annular reinforcing elements, usually 
called "beads rings". 

On the carcass structure is applied, in radially exterior position, a belt structure 
comprising one or more belt layers shaped in a closed loop, essentially composed of textile 
or metal filaments appropriately oriented relative to each other and relative to the filaments 
belonging to the adjacent carcass plies. 

In radially exterior position to the belt structure, a tread band is then applied, normally 
constituted by a strip of elastomeric material of suitable thickness. 

It should be specified that, for purposes of the present description, the term "elastomeric 
material" indicates the rubber compound in its entirety, i.e. the set formed by at least a base 
polymer suitably amalgamated with reinforcing charges and process additives of various 
kinds. 

Lastly, a pair of sidewalls is applied onto the opposite sides of the tyre being 
manufactured, each of which sidewalls covers a lateral portion of the tyre lying between 
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a so-called shoulder area, located in proximity to the respective lateral edge of the tread 
band, and a so-called bead located in correspondence with the respective bead ring. 

Traditional production methods provide essentially for the tyre components listed above 
first to be made separately from each other, then to be assembled in a tyre manufacturing 
phase. 

The Applicant's current trend, however, it to employ productive methodologies which 
allow to minimise or, possibly, to eliminate the production and storage of semi-finished 
products. 

In practice, the Applicant's research and development are oriented towards new process 
solutions that allow to produce individual components by forming them directly on the tyre 
being manufactured according to a pre-set sequence. 

In this regard, manufacturing processes have been proposed which are aimed at 
obtaining determined tyre components, such as the tread band, the sidewalls or others, by 
laying, onto a toroidal support bearing the tyre being manufactured, a continuous elongated 
element of elastomeric material having reduced section relative to that of the component 
to be obtained, and positioned to form, about the axis of rotation of the tyre, a plurality of 
turns consecutively approached and/or superposed thereby defining the component itself 
in its final configuration. 

More specifically, US Patents 4 5 963,207 and 5,171,394 describe respectively a method 
and an apparatus wherein determined components of a tyre are obtained by laying on rigid 
toroidal support an elongated element of elastomeric material continuously fed from a 
dispensing organ associated to a volumetric extruder. 



While the toroidal support is made to rotate about its own geometric axis, determining 
a circumferential distribution of the elongated element, the volumetric extruder is moved 
in such a way as to confer controlled displacements to the dispensing organ in a plane 
meridian to the toroidal support, thereby distributing the various turns formed by the 
continuous elongated element according to a pre-set arrangement. 

US Patent 5,221,406 calls for the placement, around the toroidal support, of a plurality 
of volumetric extruders, each able to feed, by means of its own dispensing organ, a 
respective continuous elongated element to be selectively employed to obtain a determined 
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component of the tyre.- 

The document GB 1,048,241 describes a method and an apparatus for manufacturing the 
sidewalls, the shoulders and the tread band of a tyre by winding a continuous ribbon-like 
element made of elastomeric material onto a toroidal support actuated in rotation about its 
own geometric axis. During the application, the toroidal support is made to rotate about 
an axis of revolution tangential to a median circumferential line of its profile in cross 
section, in such a way that the ribbon-like element is distributed on the outer surface of the 
toroidal support itself to form a series of turns set side by side and partially overlapping 
one another. The angular velocity imposed to the toroidal support about the axis of 
revolution is appropriately modified during the laying operation, to vary the degree of 
overlap of the consecutive turns and adequately to differentiate the thickness of the rubber 
layer formed by the turns in the different areas of the tyre. 

In accordance with the present invention, it was found that if the peripheral velocity of 
the toroidal support in the point of application of an elongated element is controlled in such 
a way as to maintain a suitably greater value of the speed whereat the elongated element 
itself is fed by the dispensing organ, the adhesion of the applied elongated element is 
considerably enhanced, and considerable advantages are attained in terms of operative 
flexibility. In particular, the capability is achieved of suitably modifying the cross section 
dimensions of the elongated element to adapt it to the thickness of the component to be 
manufactured, in the various points of the cross section profile thereof. 

In particular, the subject of the present invention is a method for manufacturing 
elastomeric material components of a tyre for vehicle wheels, characterised in that the 
rotatory circumferential distribution motion is controlled according to the distance between 
an point of application of the elongated element onto the toroidal support and said 
geometric axis of rotation, to confer to the toroidal support itself, in correspondence with 
the application point, a peripheral speed of application having a nominal value that is 
greater and directly proportional relative to a theoretical rate of feeding of the elongated 
element by said dispensing organ. 

It is also preferably provided that, during the application of the elongated element on the 
toroidal support, a programmed control of the cross section dimensions of the elongated 
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element is effected, modifying the peripheral application velocity with respect to said 
nominal value. 

In particular, for this purpose during the distribution of the elongated element on the 
toroidal support, at least one acceleration phase could be executed, wherein the peripheral 
speed of application is increased relative to the nominal value to cause a reduction in the 
cross section of the elongated element. 

It could further be provided that during the distribution of the elongated element on the 
toroidal support, at least a deceleration phasfe be executed wherein the peripheral speed of 
application is reduced relative to the nominal value to cause a bulging of the cross section 
of the elongated element. 

In a possible preferential embodiment, said dispensing organ comprises an extruder 
having an outlet port traversed by the elongated element, said peripheral speed of 
application presenting a nominal value essentially equal to an exit velocity of the elongated 
element itself through said outlet port. 

In accordance with a further aspect of the present invention, the Applicant has noted that 
the thickness of the component during the manufacturing phase can advantageously be 
controlled according to the geometric characteristics to be conferred to the component 
itself, using an elongated element with flattened section and appropriately modifying its 
orientation assumed relative to the outer surface of the toroidal support, simultaneously 
with the circumferential distribution motion and the transversal distribution motion 
imparted thereto. 

Therefore a further subject of the present invention is a method for manufacturing 
elastomeric material components of a tyre for vehicle wheels, wherein said elongated 
element presents a substantially flattened cross section profile, and wherein the orientation 
of the elongated element with respect to an outer surface of the toroidal support, in 
correspondence with the point of application, is modified in conjunction with said 
transverse distribution relative displacement to control the thickness of the component 
during the manufacturing phase. 

Also in accordance with the present invention, controlled mutual orientation movements 
are preferably effected between the dispensing organ and the toroidal support to provide 
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the elongated element with a pre-determined orientation relative to a laying surface 
presented by the toroidal support in correspondence with the application point. 

More in particular, the orientation of the elongated element is preferably maintained 
substantially parallel to said laying surface. 

It is further preferably provided for the orientation of the elongated element with respect 
to said outer surface to be modified by controlling the degree of overlap of the elongated 
element on at least one turn previously formed by it. 

Additionally or alternatively, the orientation of the elongated element relative to said 
outer surface can be modified by means of said controlled mutual orientation movements. 

In a preferential embodiment of the invention, the rotatory circumferential distribution 
motion and the relative transversal distribution displacements are effected by means of a 
robot arm bearing the toroidal support. In detail, it is preferably provided for the relative 
transversal distribution displacements to be effected by moving the toroidal support 
according to at least six axes of oscillation. 

In accordance with a further inventive aspect, the laying scheme for the turns formed by 
the elongated element can be pre-determined on an electronic computer through the 
following phases: storing the cross section profile of at least an elastomeric material 
component; storing the cross section profile of said elongated element; projecting the cross 
section profile of the elongated element into the cross section profile of the component; 
replicating the projection of the cross section profile of the elongated element, in approach 
and at least partial superposition to the previously projected profile, repeatedly until 
occupying substantially the entire section of the cross section profile of the component; 
storing the number and position of the cross section profiles of the elongated element 
projected into the cross section profile of the component, to define a working program to 
be employed to control said rotatory circumferential distribution motion and said relative 
transverse distribution displacements. 

In yet a different aspect, the invention proposes a method for manufacturing a tyre, 
characterised in that each of the following phases is executed at least once: a) laying pre- 
cut sections of a strip-shaped element along a direction perpendicular to an axis of rotation 
of the tyre; b) laying a continuous elongated element in a circumferential direction of the 
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tyre and cutting said element after its laying. 

Advantageously, said phase b) is preferably carried out in accordance with the 
description provided above. 

Further features and advantages shall become more readily apparent from the detailed 
description of a preferred, but not exclusive, embodiment of a method for manufacturing 
elastomeric material components of a tyre for vehicle wheels, according to the present 
invention. The description shall be provided hereafter with reference to the accompanying 
drawings, provided purely by way of non-limiting indication, wherein: 

Figure 1 schematically shows a perspective view of an apparatus according to the 
invention; 

Figure 2 shows, in enlarged scale with respect to Figure 1 , the terminal head of the 
robot arm during the application of an elongated element in an area proximate to one of 
the beads of the tyre to be manufactured; 

Figure 3 shows a terminal head of the robot arm as it lays an elongated element in 
an area proximate to the opposite bead from the one in Figure 2; 

Figure 4 is an interrupted cross section of a raw tyre manufactured according to a 
method in accordance with the present invention. 

With reference to Figure 1, the number 1 indicates in its entirety an apparatus able to 
manufacture elastomeric components of tyres for vehicle wheels, implementing a method 
in accordance with the present invention. 

By way of indication, a pneumatic which can be manufactured in accordance with the 
present invention is indicated overall with the number 3 in Figure 4, and essentially 
comprises a carcass structure 4 formed by one or more carcass plies 5, 6 having their 
respective opposite terminal edges engaged to annular reinforcing structures 7 (only one 
of which is visible in the accompanying figure) integrated in the interior circumferential 
areas of the tyre 3, usually identified by the name of "beads". Each annular reinforcing 
structure 7 comprises one or more circumferentially inextensible annular inserts 8 and one 
or more filling inserts 9 coupled to the carcass plies 5, 6. 

In a position radially exterior to the carcass structure 4 is applied a belt structure 10 
comprising one or more belt layers 1 1 having respectively crossed reinforcing filaments, 
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and a possible auxiliary belt layer 1 la comprising one or more textile material filaments 
wound in a spiral about the geometric axis of the tyre 3. Between each of the lateral edges 
of the belt structure 10 and the carcass structure 4 is interposed an under belt strip 12. 

The tyre 3 further comprises a tread band 13 applied in a position radially exterior to the 
belt structure 10, a pair of anti-abrasive inserts 14 each applied externally in proximity to 
one of the beads of the tyre, and a pair of sidewalls 15 each of which covers the carcass 
structure 4 in a laterally external position. 

The carcass structure 4 can be internally covered by a so-called "liner" 16, i.e. a thin 
layer of elastomeric material which, when the vulcanisation process is complete, shall be 
impermeable to air in order to assure that the inflation pressure of the tyre is maintained 
in use. Between the liner 16 and the carcass plies 5, 6 can also be interposed a so-called 
under-liner 17 of elastomeric material. 

The apparatus 1 is suitable to be included in a plant, not shown herein, used for 
manufacturing tyres for vehicle wheels, or for conducting a part of the work processes 
comprised in the manufacturing cycle of the tyres themselves. 

Within the scope of said work processes, it may be advantageously provided for all 
components of the tyre 3 undergoing production to be manufactured directly on a rigid 
toroidal support 18 presenting an outer surface 18a substantially shaped according to the 
internal configuration of the tyre itself. 

For this purpose, the plant generally comprises a plurality of work stations (not shown 
herein) each dedicated to the execution of at least one of the work processes aimed at 
manufacturing the tyre on the toroidal support. For instance, there could be a first work 
station wherein the liner 16 and the under-liner 17 are manufactured, a second work station 
wherein the carcass structure 4 is manufactured with the respective annular reinforcing 
structures 7, a third station where the belt structure 10 is manufactured together with 
respective under-belt inserts 12, a fourth station where the tread band 13 is manufactured 
and a fifth work station where the anti-abrasive inserts 14 and the sidewalls 15 are 
manufactured. 

Such a plant is for instance described in European Patent application no. 99830685.6, 
in the name of the same Applicant. 
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Within the scope of the manufacture of the tyre 3, each carcass ply 5,6 can 
advantageously be formed by means of sequential laying of pre-cut strip-shaped elements 
5a, 5b, 6a, 6b consecutively set side by side in mutual circumferential approach on the 
outer surface 18a of the toroidal support 18. Further details about the procedure for 
manufacturing the carcass ply or plies 5, 6 are amply described in European patent 
applications no. 97830731.2, 97830733.8 and 98830662.7, in the name of the same 
Applicant. 

Also each of the belt layers 1 1 can be manufactured by the sequential laying of strip- 
shaped segments consecutively set side by side in mutual circumferential approach in such 
a way as to present the respective reinforcing filaments appropriately oriented relative to 
each other and to the filaments of the underlying carcass plies 5, 6, as described for 
instance in European patent application no. 97830632.2, in the name of the same 
Applicant. 

The inextensible annular inserts 8 can in turn be manufactured as described in European 
patent application no. 98830762.5, also in the name of the same Applicant. 

One or more apparatuses 1 may be associated to the various work stations to form, in 
accordance with the subject method, one or more of the elastomeric material components 
of the tyre 3, such as the filling inserts 9 of the annular reinforcing structures 7, the under 
belt strips 12, the tread band 13, the anti-abrasive inserts 14, the sidewalls 15 , the liner 16 
and the under-liner 17. 

As shown in Figures 1 through 3, the apparatus 1 comprises at least a dispensing organ 
19 set to operate adjacently to the toroidal support 18 to feed at least a continuous 
elongated element 20 against the outer surface 18a of the toroidal support itself. 

In a preferential embodiment, the dispensing organ 19 is essentially defined by an 
extruder set to operate in the immediate vicinity of the toroidal support 1 8 to dispense the 
continuous elongated element 20 directly against the outer surface 18a, or against the 
component previously formed or being formed on the toroidal support. 

It is specified that, for purposes of the present description, the term "extruder" refers to 
the part of an extrusion apparatus 21 identified in the art also by the term "extrusion head", 
provided with a so-called "die" traversed by the product undergoing work in 
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correspondence with an outlet port shaped and dimensioned according to the geometric and 
dimensional characteristics to be conferred to the product itself. 

To the extruder 19 can be associated a pressing roller 19a positioned immediately 
downstream of the outlet port and ready to act elastically against the elongated element 20 
dispensed to facilitate its adhesion on the toroidal support 18. 

Alternatively, the extruder can be readied to operate at a certain distance from the 
toroidal support 18 and the dispensing organ 19 can for instance comprise a device with 
motorised rollers operating on the toroidal 'support 18 to apply the elongated element 20 
onto the outer surface 1 8. In this case, in the segment lying between the dispensing organ 
19 and the extruder, the elongated element 20 can form a festoon whose amplitude is 
controlled to co-ordinate, instant by instant, the linear quantity of elongated element 20 
applied onto the toroidal support in a given time interval with the linear quantity of product 
dispensed by the extruder. 

The continuous elongated element 20 is preferably constituted by a strip of elastomeric 
material with flattened section, for instance rectangular, elliptic or lenticular, whose cross 
section dimensions are considerably lesser than the cross section dimensions of the 
component 9, 12, 13, 14, 15, 16, 17 to be manufactured. By way of example, the 
continuous elongated element 20 may present a width indicatively ranging between 3 
millimetres and 15 millimetres and a thickness indicatively ranging between 0.5 
millimetres and 1.2 millimetres. " 

The component 9, 12, 13, 14, 15, 16, 17 in its final configuration is obtained by 
dispensing the elongated element 20 onto the toroidal support 18 while the latter is 
actuated with a rotatory circumferential distribution motion about its own geometric axis 
of rotation indicated as "X", such as to cause the elongated element itself to be distributed 
circumferentially. 

Simultaneously with the rotation imposed to the toroidal support 1 8, devices or other 
convenient transverse distribution means which shall be described better hereafter effect 
controlled relative displacements between the toroidal support itself and the dispensing 
organ 19, in such a way that the elongated element 20 forms a series of turns 20a radially 
and/or axially approached according to a laying scheme set beforehand as a function of a 
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predetermined cross section profile to be conferred to the component 9, 12, 13, 14, 15, 16, 
17 being manufactured. 

In accordance with a preferential embodiment of the present invention, both the rotatory 
circumferential distribution motion, i.e. the rotation of the toroidal support 18 about its 
own axis "X", and the controlled relative transverse distribution displacements are 
achieved by moving the toroidal support 1 8 directly. 

For this purpose, it is provided for the devices tasked with actuating the rotation of the 
toroidal support 18 about its own axis "X", and the devices tasked with effecting the 
transverse distribution displacements to be integrated in a robot arm indicated in its 
entirety with the reference number 22, able removably to engage the toroidal support 1 8 
to carry it sequentially in front of each of the work stations provided in the aforementioned 
plant and suitably to move it in front of the respective dispensing organs 19. 

In particular the robot arm 22, preferably of the anthropomorphic kind with seven axes, 
comprises a first section 23 presenting a first extremity 23a pivotingly connected to a 
support platform 24 according to a first axis of oscillation "A" positioned horizontally, and 
a second axis "B" positioned vertically or in any case perpendicular to the first axis of 
oscillation "A". 

The robot arm 22 further comprises a second section 25 fastened to a second extremity 
23b of the first section 23, with the possibility of oscillating about a third axis "C'\ 
preferably parallel to the first axis "A", as well as about a fourth axis of oscillation "D" 
perpendicular to the third axis »C" and preferably positioned longitudinally to the second 
section itself. 

Terminally to the second section 25 is operatively associated a terminal head 26 able to 
engage removably and preferably in overhang the toroidal support 18. To the terminal head 
26 are associated the aforesaid circumferential distribution devices, constituted for instance 
by a first motor 27 which sets in rotation a grip element 28 able removably to engage the 
toroidal support 18 in correspondence with an attachment tang 18b coaxially projecting 
from at least of the opposite sides thereof. 

The terminal head 26 is further able to oscillate about a fifth axis "E", perpendicular 
with respect to the fourth axis of oscillation "D". 
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In a preferential embodiment, the fifth axis "E M is co-planar with the fourth axis "D", and 
the terminal head 26 is also able to oscillate about a sixth axis "F" perpendicularly oriented 
relative to the toroidal support 1 8 as well as relative to the fifth axis of oscillation "E". 

The movements of the first section 23, of the second section 25, and of the terminal head 
26 about the respective axes of oscillation "A", "B", "C", "D", "E"; "F" are controlled by 
respective motors, whereof only the motors assigned to actuation about the first, the 
second, the third, the fourth and the sixth axis are visible, indicated respectively as 29, 30, 
31, 32 and 33. 

The motor not shown herein, assigned to the actuation about the fifth axis "E", as well 
as all other motors may be constructed in any convenient manner by the person versed in 
the art. 

The operation of all motors associated with the transverse distribution means, as well 
as of the motor 27 associated with the circumferential distribution means, is controlled by 
a programmable governing electronic unit (not shown) in such a way as to assure the 
proper actuation of the toroidal support 18 in front of the dispensing organ 19 for purposes 
of forming the desired component 9, 12, 13, 14, 15,16, 17 of the tyre 3. 

In accordance with a further aspect of the present invention, the laying scheme of the 
turns 20a formed by the elongated element 20 for purposes of manufacturing a given 
component 9, 12, 13, 14, 15, 16, 17 can be advantageously pre-determined on an electronic 
computer. 

For this purpose, the cross section profile of the component 9, 12, 13, 14, 15, 16, 17 to 
be manufactured is stored in the electronic computer. More specifically, this storage phase 
can be completed by executing with the aid of the computer the drawing of the whole tyre 
3, with the individual components thereof defined as mutually distinct units, selectable 
individually for subsequent processing. 

Moreover, the cross section profile of the elongated element 20 to be used is to be stored 
in the computer. This profile, as well, can be drawn directly by means of the electronic 
computer. 

The cross section profile of the elongated element 20 is then projected inside the cross 
section profile of the component 9, 12, 13, 14, 15, 16, 17, preferably causing one of the 
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greater sides of the profile of the elongated element to coincide with a side of the 
component oriented towards the interior of the tyre. 

The profile of the elongated element 20 is then replicated in approach and/or 
superposition, at least partial, to the previously projected profile. This phase is reiterated 
repeatedly until the entire cross section profile of the component is substantially occupied 
by the profiles of the elongated element 20 reiterated in its interior. The reiterated 
replication of the profile of the elongated element 20 can advantageously be performed 
directly by the electronic computer, suitably programmed with an appropriate 
computational algorithm that adapts the orientation and mutual disposition of the profiles 
in such a way as to obtain the maximum filling of the cross section of the component, 
without thereby causing the profiles of the elongated element to overflow outside the 
section itself beyond a pre-set limit. 

In particular, the orientation of the profiles of the elongated element 20 is also controlled 
as. a function of the thickness variations presented by the cross section of the component 
in different areas thereof. 

In practice, the computation algorithm is able to compute the exact disposition of the 
individual turns 20 which the elongated element 20 shall have to form following its 
winding on the toroidal support 18, according to the simplified diagram in Figure 4, 
thereby elaborating a work program to be used to control the rotatory circumferential 
distribution motion and the relative transverse distribution displacements to be obtained 
under the action of the robot arm 22. 

In accordance with a further aspect of the present invention, during the laying of the 
elongated element 20 on the longitudinal support 18, the orientation of the elongated 
element itself relative to the outer surface 18a or other suitable reference surface is 
appropriately modified in conjunction with the relative transverse distribution 
displacement, to control the thickness ofthe component 9, 12, 13, 14, 15, 16, 17duringthe 
manufacturing stage. 

It should be specified that, for purposes of the present description, any consideration 
about the orientation of the elongated element 20 refers to the main axis of the 
development ofthe flattened profile presented in cross section by the elongated element 
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itself. 

Generally, as Figure 4 clearly shows, the component 9, 12, 13, 14, 15, 16, 17 will present 
a maximum thickness wherever the turns 20a formed by the elongated element 20 present 
a substantially normal orientation to the outer surface 18a of the toroidal support 18. 

5 Conversely, minimum values of thickness are attained when the turns present a 
substantially tangential orientation with respect to the exterior surface 18a. 

The orientation of the elongated element 20, and more in particular of the turns 20a 
formed thereby, relative to the outer surface 18a can advantageously be modified by 
controlling, instant by instant, the degree of overlap of the elongated element 20 on the turn 

10 20a previously formed thereby. Generally, as Figure 4 shows, the greater the degree of 
superposition, the greater the tendency of the elongated element 20 to form turns 20a 
oriented normally to the outer surface 1 8a. 

Additionally, through the transverse actuation devices associated to the robot arm 22, 
controlled mutual orientation movements are effected between the dispensing organ 1 9 and 

15 the toroidal support 18, to confer to the elongated element 20 a pre-set orientation with 
respect to a laying surface presented by the toroidal support 1 8 in correspondence with the 
point of application of the elongated element itself. For the sake of greater clarity, it should 
be specified that the laying surface is not necessarily represented by the outer surface 18a 
of the toroidal support 18, but rather any surface presented by a component of the tyre 3 

20 or by previously laid turns 20a, whereon the elongated element 20 bears in the point of 
application. For instance, in the area indicated as "Z" in Figure 4, the laying surface is 
represented in part by previously laid turns 20a, and in part by the strip-shaped element 6a 
of the second carcass ply 6. 

Preferably, the orientation of the elongated element 20 is constantly maintained 

25 substantially parallel to the laying surface, so that the elongated element itself is 
substantially laid "flat" on the turns 20a previously laid and/or on the previously formed 
components of the tyre 3 . 

The aforesaid controlled mutual orientation movements can also be exploited to control 
the orientation of the elongated element 20 relative to the outer surface 1 8a of the toroidal 

30 support 18. 
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It should be observed that the ample freedom of motion provided the toroidal support 
18 according to the six axes of oscillation "A", "B", "C", "D", "E"; T" as well as the 
rotating actuation thereof about the geometric axis "X" allow to effect the proper laying of 
the elongated element 20 coming from the dispensing organ 19 irrespective of the 
conformation of the toroidal support 18 and of the component 9, 12, 13, 14, 15, 16, 17 to 
be obtained. 

The rotatory circumferential distribution motion imparted to the toroidal support 18 is 
constantly controlled, in terms of angular velocity, according to the distance between the 
point of application of the elongated element 20 and the geometric axis of rotation X. In 
particular, the angular velocity of rotation is controlled in such a way that the toroidal 
support 18 presents, in correspondence of the application point, a peripheral speed of 
application that is constantly controlled according to the feeding rate of the elongated 
element 20 by the dispensing organ 19. 

More specifically, in accordance with a further aspect of the present invention, it is 
provided for the peripheral speed of application to present a nominal value that is 
constantly greater and directly proportional with respect to a theoretical feeding rate of the 
elongated element 20 by the dispensing organ 19. 

It should be specified that, for purposes of the present description, the term "theoretical 
feeding rate" means the linear quantity of elongated element 20 provided over the unit of 
time by the dispensing organ 19, measured in the absence of internal tensions on the 
elongated elements itself. 

This definition should be kept in mind especially in the case wherein, as in the illustrated 
embodiment, the dispensing organ 19 is constituted by an extruder which lays the 
elongated element directly onto the surface 18a of the drum 18. In this case, the theoretical 
25 feeding rate of the elongated element 20 is the one that would be obtained downstream of 
the extruder if the elongated element itself were not subjected to the drawing action by the 
toroidal support 1 8. In the absence of this drawing action, circumstance which does take 
place for instance in the presence of a festoon between the extruder and the dispensing 
organ, the elongated element 20, prior to reaching the dispensing organ itself, undergoes 
30 a certain bulging with the consequent increase of its cross section. 
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Therefore, the value of the theoretical feeding rate is lesser than* the value of speed 
measurable on the elongated element itself in correspondence with the outlet port of the 
extruder. 

Preferably, the nominal value of the peripheral speed of application is greater than the 
theoretical feeding rate according to a measure not exceeding 20%, thereby determining 
a corresponding longitudinal tensioning action on the elongated element 20. More 
specifically, the application speed is maintained substantially equal to the exit velocity of 
the elongated element through the outlet port of the extruder, measurable in the immediate 
vicinity of the outlet port itself. In this way, the cross section dimensions of the elongated 
element laid on the toroidal support 18 remain substantially identical to those of the output 
port of the extruder. This allows considerably to simplify the preparation of the computing 
algorithms to be employed to program the laying scheme of the turns during the design 
phase. 

Maintaining application speed at a value greater than theoretical feeding rate also 
guarantees an optimal adhesion of the elongated element against the outer surface 1 8a of 
the toroidal support 18. 

It is also advantageously possible to modify, if need be, the peripheral application speed 
relative to the nominal value in order to effect a programmed control over the cross section 
dimensions of the elongated element 20. In particular, it is possible to increase application 
speed with respect to the nominal value to obtain a thinning of the elongated element 20 
so as to form turns 20a with reduced section in the points wherein the cross section profile 
of a component is particular thin, as takes place for instance in correspondence with the 
apexes presented by the filler inserts 9 in correspondence with their radially exterior edges. 
It is also possible to reduce the application speed relative to the nominal value, whenever 
it is desired to obtain turns 20a with increased cross section by effect of the consequent 
bulging of the cross section of the elongated element. 

The present invention attains important advantages. 

The subject method allows to form structural elements even with complex 
configurations, having different thickness variations, always using a same elongated 
element In particular, the control over the rotating speed of the toroidal support effected 
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according to the present invention allows to adapt the section dimensions of the elongated 
element according to the thickness required on the obtained component. Also the control 
over the orientation of the laid turns relative to the outer surface of the toroidal support 
allows to obtain considerable thickness variations. 

It should further be noted that, by applying the elongated element "flatly" as described 
above, one advantageously avoids imposing any transverse sliding of the elongated element 
on the previously laid turns, sliding which would be impossible to effect correctly due to 
the natural stickiness of the raw elastomeric material. 

It should further be noted that the robot arm is suitable to be exploited both to control 
the actuation of the toroidal support in front of the dispensing organ or organs provided in 
a work station, and to determine the sequential transfer of the toroidal support itself inside 
the work station and/or from a work station to another. 

It is therefore advantageously possible to effect the complete working cycle of the tyre 
by forming all its components on the same toroidal support, sequentially transferred 
between the different work stations by means of one or more robot arms which also actuate 
toroidal support itself for purposes of forming the individual components of the tyre itself. 

The entire working cycle can advantageously be conducted using exclusively the two 
following fundamental phases, each whereof is executed at least once during the 
manufacture of the tyre: 

a) laying pre-cut segments of a strip-shaped element along a direction perpendicular to 
the axis of rotation of the tyre; 

b) laying at least a continuous elongated element in the circumferential direction of the 
tyre to cut said element after its laying. 

In the embodiment described above, phase a) is effected in the manufacture of the 
carcass plies 5, 6 and of the belt layers 11. Phase b) in turn is effected to manufacture all 
other components of the tyre, such as the tread band 13, the sidewalls 15, the annular 
reinforcing structures 7 and all other filler elements provided in the structure of the tyre 3, 
as described above. 
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CLAIMS 

1. Method for manufacturing elastomeric material components of a tyre for vehicle 
wheels, comprising the following phases: 

feeding a continuous elongated element (20) from a dispensing organ (19) positioned 
adjacently to a toroidal support (18) to apply said elongated element (20) onto the toroidal 
support itself; 

imparting to the toroidal support (18) a rotatory circumferential distribution motion 
about its own geometric axis of rotation (X), so that the elongated element (20) is 
circumferentially distributed on the toroidal support (18); 

effecting controlled relative displacements for transverse distribution between the 
toroidal support (18) and the dispensing organ (19) to form with said elongated element 
(20) a component (9, 12, 13, 14, 1 5, 16, 17) of a tyre (3) defined by a plurality of turns 
(20a) laid in mutual approach and superposition according to a laying arrangement pre-set 
as a function of a pre-determined cross section profile to be conferred to said component 
(9, 12, 13, 14, 15, 16, 17), 

characterised in that the rotatory circumferential distribution motion is controlled 
according to the distance between a point of application of the elongated element (20) onto - 
the toroidal support (18) and said geometric axis of rotation (X), to confer to the toroidal 
support itself, in correspondence with the point of application, a peripheral speed of 
application whose nominal value exceeds, and is directly proportional to, a theoretical 
feeding rate of the elongated element (20) by said dispensing organ (19). 

2. Method according to claim 1, wherein during the application of the elongated 
element (20) onto the toroidal support (18) a programmed control of the cross section of 
the elongated element (20) is also performed, modifying the peripheral speed of application 
relative to said nominal value. 

3. Method according to claim 1, wherein during the distribution of the elongated 
element (20) onto the toroidal support (18), at least an acceleration phase is effected 
wherein the peripheral speed of application is increased relative to the nominal value to 



17 



WO 01/36185 .„,„ 

— PCT/IT99/00376 



wherein the peripheral speed of application is increased relative to the nominal value to 
determine a reduction of the cross section of the elongated element (20). 

4. Method according to claim 1, wherein during the distribution of the elongated 
element (20) on the toroidal support (18), at least a deceleration phase is effected wherein 
the peripheral speed of application is reduced relative to the nominal value to determine 
a bulging of the cross section of the elongated element (20). 

5. Method according to claim 1 , wherein the peripheral speed of application presents 
greater nominal value than the theoretical feeding rate according to a measure not 
exceeding 20%. 
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6. Method according to claim 1, wherein said dispensing organ (19) comprises 
extruder having an outlet port traversed by said elongated element (20), said peripheral 
speed of application presenting a nominal value substantially equal to an exit velocity of 
the elongated element (20) through said outlet port. 

7. Method for manufacturing elastomeric material components of a tyre for vehicle 
wheels, in particular according to claim 1, wherein said elongated element (20) presents 
a substantially flattened cross section profile, and wherein the orientation of the elongated 
element (20) with respect to an outer surface (18a) of the toroidal support (18), in 
correspondence with the point of application, is modified in conjunction with said relative 
transverse distribution displacements to control the thickness of the component (9, 12, 13, 
14, 15, 16, 17) being manufactured. 

8. Method according to claim 7, wherein controlled mutual orientation movements are 
also effected between the dispensing organ (19) and the toroidal support (18) to confer to 
the elongated element (20) a pre-determined orientation relative to a laying surface 
presented by the toroidal support (18) in correspondence with the point of application. 
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9. Method according to claim 8, wherein the orientation of the elongated element (20) 
is maintained substantially parallel to said laying surface. 

10. Method according to claim 7, wherein the orientation of the elongated element (20) 
with respect to the outer surface (18a) of the toroidal support (18) is modified by 
controlling the degree of superposition of the elongated element (20) on at least a turn 
(20a) previously formed thereby. 

1 1 . Method according to claim 8, wherein the orientation of the elongated element (20) 
relative to said outer surface (18a) of the toroidal support (18) is modified by means of said 
controlled mutual orientation movements. 

12. Method according to claim 1 or 7, wherein the rotatory circumferential distribution 
motion and the relative transverse distribution displacements are effected by means of a 
robot arm (22) bearing the toroidal support (18). 

13. Method according to claim 12, wherein the relative transverse distribution 
displacements are effected by actuating the toroidal support (1 8) according to at least six 
axes of oscillation (A, B, C, D, E, F). 

14. Method for manufacturing elastomeric material components of a tyre for vehicle 
wheels, in particular according to claim 1 or 7, wherein the laying scheme of the turns 
(20a) formed by the elongated element (20) is pre-determined on an electronic computer 
through the following phases: 

storing the cross section profile of said at least one elastomeric material component 
(9,12,13,14,15,16,17); 

storing the cross section profile of said elongated element (20); 

projecting the cross section profile of the elongated element (20) into the cross 
section profile of the component (9, 12, 13, 14, 15, 16, 17); 

replicating the projection of the cross section profile of the elongated element (20), 
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in approach and at least partial superposition to the previously projected profile, repeatedly 
until occupying substantially the entire section of the cross section profile of the 
component (9, 12, 13, 14, 15, 16, 17); 

storing the number and position of the cross section profile of the elongated element 
5 (20) projected into the cross section profile of the component (9, 12, 13, 14, 15, 16, 17), 
to define a working program to be employed to control said rotatory circumferential 
distribution motion and said relative transverse distribution displacements. 

1 5. Method for manufacturing a tyre, characterised in that each of the following phases 
10 is executed at least once: 

a) laying pre-cut sections of a strip-shaped element (5a, 5b, 6a, 6b) along a direction 
perpendicular to an axis of rotation (X) of the tyre(3); 

b) laying a continuous elongated element (20) in a circumferential direction of the tyre 
(3) and cutting said element (20) after its laying. 
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16. Method accordingto claim 15, wherein said phase b) is preferably carried out in 
accordance with the claims from 1 to 14. 
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